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Methods
FtsZ-mts comprised amino acids 1-366 of E. coli FtsZ, followed byYFP-Venus, and the amphipathic helix from E. coli MinD (FIEEEKKGFLKRLFGG) (1). For in vitro studies the protein was expressed from a pET vector. The most active preparations were obtained by pelleting the cells following expression, denaturing the whole cell pellet in 4 M GuHCl, and renaturing proteins by dialysis. FtsZ-mts was the major soluble protein and was further purified by chromatography on a Source Q column (GE Healthcare) eluting with 50 mM tris, pH 7.9, 1 mM EDTA, 10% glycerol, and a gradient of 50-500 mM KCl. The renatured protein eluted as a broad peak; the trailing fractions had the best Z-ring activity and were used for all experiments. For experiments with liposomes the purified protein was diluted twenty-fold or more into assembly buffer (50 mM HEPES, pH 7.7, 5 mM MgAc, 350 mM KAc) and used within 2 hours.
Liposomes were prepared from a mix of DOPG (1,2-Dioleoyl-sn -Glycero-3-[Phospho-rac -(1-glycerol)]), and egg PC (phosphatidylcholine). Most experiments used 20% DOPG, but Z-ring containing vesicles were obtained with DOPG from 2% to 40%. Lipids were dissolved in methanol, mixed in an Eppendorf tube and dried, then resuspended at 10 mg/ml in water by vigorous vortexing. 250 μl of the suspension was placed on a 4 cm diameter Teflon disc as many small drops and dried under an air current. The films were hydrated by covering them with 5 ml assembly buffer and incubating for 2 -3 hrs at 37°C. Liposomes were then further suspended by gentle agitation, forming a turbid layer above the Teflon. 50 µl of concentrated liposomes was removed from this layer and used for experiments. FtsZ-mts (4 µM) and GTP (400 µM) were added to liposomes, and 5 µl was placed on a microscope slide and covered with a cover slip. Liposomes were observed for up to 25 min, except for the GTP depletion experiment which went longer.
Liposomes and E. coli cells were observed with wide field DIC and fluorescence optics, either on a Zeiss Axiophot microscope with a Roper Scientific Coolsnap HQ cooled CCD camera, or on a Leica DMI6000B with a Hamamatsu Orca ER cooled CCD camera. All time-lapse series were collected on the Leica DMI6000B inverted microscope, using a 100x Leica HCX PL APO CS 1.46 NA oil immersion objective, appropriate DIC optics and GFP filter set (BP 470/40; 500; BP 525/50), Leica EL 6000 120W metal halide epi-illumination source (attenuated to 30% intensity) and Hamamatsu/Compix SimplePCI acquisition software. Fluorescence exposure times were 120-200 msec using a small amount of gain. Raw images were converted to TIFF format and black/white levels were adjusted for consistent contrast using ImageJ. Nonmovie figures were assembled in Adobe Photoshop and movie files were created from TIFF stacks in ImageJ. Supplemental movie S3. In this experiment the slide was maintained at 37° C for observation. GTP was 400 μM, as in Movie S1, but it is hydrolyzed 2-3 times faster at the higher temperature. The movie shows some constrictions already present in the first frame, which was about 40 min after sample preparation. From 0-600 sec there is some coalescence of rings, and most of the constrictions deepen, even for rings that did not grow by coalescence. Constrictions were maximally deep from 600-700 sec. From 800-1200 sec the rings became dimmer and the constrictions relaxed substantially. Some constrictions are still visible at 1800 sec, but are much shallower than at 700 sec. The total width of the movie is 85.5 μm and the inner diameter of the liposome is approximately 0.3 -1 μm.
